Abstract : Although chromoendoscopy and narrow band imaging NBI are widely used in diagnosing the invasion depth of colorectal cancers, comparative studies of these modalities are lacking. This meta-analysis compared the performance of these two modalities in colorectal cancer diagnosis. MEDLINE, EMBASE, and Cochrane Library were searched for relevant original articles published up to December 20 th , 2010. Major criteria for article inclusion were : i magnifying chromoendoscopy or NBI was used as a diagnostic modality and pit pattern or vascular pattern was used as a diagnostic classi cation ; ii sensitivity and speci city were reported ; iii absolute numbers of true-positive, false-positive, true-negative, and false-negative cases, or their equivalent, were provided ; and iv pathology of biopsy, endoscopy, or surgical treatment was used as the reference standard. Sensitivity and speci city were pooled using a random effects model. Regression analysis was performed to compare the discriminatory power between chromoendoscopy and NBI by including a dummy variable. We made the assumption that a positive regression coef cient implied a better discriminatory power for NBI, and vice versa. Of 1846 screened articles, 16 ful lled all inclusion criteria. Pooled sensitivity for chromoendoscopy and NBI was 0.85 95 CI : 0.82-0.87 and 0.80 0.76-0.85 , respectively, and specificity was 0.98 0.97-0.99 and 0.98 0.97-0.99 , respectively. The regression coef cient for chromoendoscopy versus NBI was 0.02 95 CI : 1.18-1.71 . These results indicate that chromoendoscopy and NBI may have similar power for the diagnostic assessment of colonic neoplasms. However, other factors such as convenience, time, and cost still must be taken into account in making the nal diagnostic choice.
Introduction
Recently, colorectal cancer CRC has become the second most commonly diagnosed cancer and the third leading cause of cancer-related death in Japan 1 . In 2009, approximately 23 ,000 men and 20,000 women died of this malignancy 1 . During the past decade, great emphasis has been placed on the use of colonoscopy for the early detection and removal of neoplastic polyps to reduce the incidence of and mortality from CRC. The traditional criteria for predicting the histopathology and the carcinomatous depth of colorectal lesions are those advocated by Kudo et al 3 in the mid-1990s. In these criteria, called Kudo s pit pattern classification, dye spraying chromoendoscopy and magnifying endoscopy are used to differentiate among non-neoplastic, neoplastic, and cancerous lesions 5 .
Meanwhile, after the advent of a new endoscopic technology called Narrow Band Imaging NBI early in the 21st century, several researchers proposed that this modality could be used with certain predictive criteria of cancer depth 6, 7 . In this system, images of the microvessels and the surface structures of lesions are provided without the need for dye spraying ; endoscopists then estimate the depth of cancer by observing these features 6, 7 .
While several studies have suggested the usefulness of chromoendoscopy and NBI in predicting the depth of cancer, few direct comparisons have been reported. Therefore, this study aimed to pool the diagnostic test characteristics of chromoendoscopy and NBI to compare their diagnostic performance.
Methods

Data Collection
We searched the MEDLINE and EMBASE databases, and the Cochrane Controlled 
Inclusion and exclusion criteria
A study was included when all of the following criteria were met :
1 Magnifying chromoendoscopy or NBI was used as a diagnostic modality and the pit pattern and vascular pattern was used as a diagnostic classi cation for predicting the histology and invasion depth of colorectal lesions according to the pit pattern, surface pattern, or vascular pattern of the lesions.
2 Sensitivity and speci city were reported, or a 2 2 contingency table could be reconstructed.
3 Absolute numbers of true-positive, false-positive, true-negative, and false-negative cases, or their equivalent, were provided.
4 Pathology from biopsy, endoscopy, or surgical treatment was used as the reference standard for lesion diagnosis.
A study was excluded if any of the following criteria were met :
1 A stereomicroscope, confocal microscope, endocytoscope, FICE Fuji Intelligence Color Enhancement , or other tool was used as the diagnostic modality.
2 The target patients were restricted only to familial polyposis FAP , inflammatory bowel disease IBD , or hereditary non-polyposis colorectal cancer HNPCC .
3 The published information was incomplete.
When more than two results were obtained from each study, the result with the worst speci city was applied to the analysis because speci city is important in colonoscopy as a con rmatory test.
Quality assessment of primary studies
The quality of all included articles was assessed using Quality Assessment of Diagnostic Studies QUADAS , a tool designed speci cally for studies on diagnostic accuracy 8 . Using this tool, we assessed the most significant forms of bias in diagnostic research including spectrum, disease progression, veri cation, and review biases, as well as potential bias associated with subject withdrawal and aspects of external validity 8 .
Statistical analysis
We first performed a separate evaluation of the diagnostic performance of chromoendoscopy and NBI by combining pooled sensitivity, speci city, and likelihood ratios using a random effect model 9 to derive estimates and their 95 con dence intervals CI . Standard error was calculated using the Agresti-Coul Wald adjustment 10 if the sensitivity or speci city of each study was equal to 1. Heterogeneity of the studies was assessed by using the I 2 statistic 11 . The causal factor of heterogeneity was also explored by meta-regression 12 .
Factors evaluated as sources of heterogeneity were as follows : i the model of the endoscope used in each study ; ii a video system that used color chip imaging, sequential imaging, or other ; iii a study that was prospective or retrospective ; iv the Quadas score was 12 ; and, v the target lesion was restricted in size and / or macroscopic appearance in each study.
Next, we tested the performance of chromoendoscopy and NBI in studies that adopted the same diagnostic modality in a similar patient population. For this purpose, we used only the studies that met both of the following criteria : i the de nition of invasive cancer was set as more than 1000 m , ii there were no restrictions on polyp size or macroscopic appearance of lesions.
The discriminatory power between chromoendoscopy and NBI was compared using metaregression analysis that included a dummy variable chromoendoscopy 0, NBI 1 . In this case, a positive regression coef cient implies that NBI had better discriminatory power compared to chromoendoscopy, while a negative value indicates the opposite. Publication bias was assessed by Begg s and Egger s tests 13 . To avoid undefined values that would have arisen due to zero values, 0.5 was added to any zero cell 14 . Statistical signi cance was set at P 0.05. All analyses were performed using Stata version 10.1 Stata Corporation, College Station, TX, USA .
Results
Study Selection and Data Extraction
An initial search using the specified search terms identified a total of 1846 reference articles. Among these, 64 relevant articles were selected and reviewed by two authors independently, with 48 articles excluded for the following reasons : a the pit pattern, surface pattern, vascular pattern classi cation, or magnifying endoscope was not used as a diagnostic modality ; b their primary outcome was to differentiate neoplasms from non-neoplasms or evaluate the detection rate of polyps. Thus, we included 16 studies in our nal review Table 1 summarizes the included study characteristics. Ten studies were conducted prospectively in clinical settings 2, 7, [15] [16] [17] [18] [19] [20] [21] [22] , and six studies were based on still images of lesions analyzed retrospectively [23] [24] [25] [26] [27] [28] . Patient demographics were generally not provided. One study restricted inclusion criteria based on polyp size and two studies did so by macroscopic appearance. Chromoendoscopy was used in 11 studies and NBI was used in 8 studies, with a sequential imaging system used in all of the studies.
Diagnostic test performance of chromoendoscopy and NBI
Of the 16 studies, 11 were used to evaluate the diagnostic performance of chromoendoscopy, while 8 were included to evaluate NBI Table 2 . Heterogeneity was signi cant for all the aforementioned diagnostic performance measures for both chromoendoscopy and NBI. 
Meta-regression analysis for the source of heterogeneity
Based on the data extracted from each study, the source of heterogeneity was explored using meta-regression analysis in the models of the endoscope used, study design, QUADAS score, and target lesions. However, none of these factors had a statistically signi cant effect.
Comparing chromoendoscopy and NBI showed no significant difference in terms of discriminatory power both in a model of all extracted studies coef cient, 0.02, 95 CI :
1.18-1.71 and taking only those studies with restricted criteria coef cient, 0.56, 95 CI : 3.70-2.57 .
Evaluation of publication bias
Begg s and Egger s test for all extracted studies suggested no signi cant publication bias based on Egger s test P 0.166 , however, the funnel plot did not show a symmetric pattern, suggesting possible publication bias Fig. 4 . In contrast, testing only those studies with restricted criteria suggested signi cant publication bias by both analyses Fig. 4 . The opening of a colonic crypt is referred to as a pit , and the speci c arrangement of the gland openings in various lesions is called the pit pattern . This pattern is considered to re ect the epithelial aberrations originating in the luminal sector of the epithelium, meaning that changes in the deeper layers are reflected on the surface 5 . In this respect, the diagnostic process that uses magnifying endoscopy is similar to that used by the examining pathologist, although discrepancies might exist between the pathological features of the surface and of deeper tissues 5 . Several studies on the combined use of magnifying endoscopy and choromoendoscopy have led to acceptance of Kudo s classi cation of pit patterns as a standard, and this classi cation is currently the most widely used system for differentiating normal mucosa from neoplasms 3, 5 .
NBI is another diagnostic method that was recently introduced into clinical practice for This is one of the limitations of these subjective classi cations.
The NBI process without dye spray provides a user-friendly modality that now plays a central role in colorectal diagnosis. However, we consider that it might be too early to propose NBI as superior to chromoendoscopy, for two reasons. First, the NBI system itself is very expensive, especially considering that indicative colorectal lesions that would require precise observation by NBI are encountered rather rarely in routine clinical settings. For example, most of the institutions involved in the present are high-volume centers ; however, even in such a setting, submucosal cancers account for only approximately 2.0 of all detected polyps, according to a study by Fu et al 2 . Therefore, the cases in which NBI can display its full capability may be scarce. Furthermore, no statistically signi cant difference may exist between the ability to detect a colonic polyp by NBI compared to conventional endoscopy 31 . For these reasons, the merit of using NBI remains controversial. Second, the NBI process seemed to be similar to that using dye spray with respect to time and effort when the polyps were covered with mucus, which has to be washed off with water several times prior to dye spraying. Therefore, it is difficult to conclude which is the better of these two modalities. Evidence from therapy trials indicates that statistically significant studies are more likely to be published, compared to smaller studies with no significant effects. Whether similar bias also exists for diagnostic trials is uncertain. Tests of publication bias in the therapy trials were based on a nonparametric measure of the relationship between the effect and the precision of the study. In the present study, Begg s test found a signi cant relationship between the test estimate and study precision. Therefore, a researcher who tests a diagnostic modality in a small sample and nds poor test performance is unlikely to publish the data, possibly resulting in an overestimation of diagnostic performance.
In conclusion, our analysis shows that chromoendoscopy and NBI have similar diagnostic power for the determination of the depth of cancer in colorectal neoplasms. While NBI may be preferable in most instances, the clinician s choice of image modality must take into account other important factors such as the examiner s experience and the overall objectives of diagnosis for polyps, together with convenience, time, and cost. 
